Doxorubicin down-regulates Kruppel-associated box domain-associated protein 1 sumoylation that relieves its transcription repression on p21WAF1/CIP1 in breast cancer MCF-7 cells.
The role of post-translational modification, such as sumoylation, in modulating the efficacy of doxorubicin (Dox) treatment remains unclear. Transcriptional cofactor KRAB domain-associated protein 1 (KAP1) has been shown to complex with the KRAB zinc finger protein, ZBRK1, to repress the transcription of target genes. Through a combination of proteomic screening and site-directed mutagenesis approaches, we have identified lysines 554, 779, and 804 as the major sumoylation sites in KAP1. We then present evidence that Dox-mediated induction of cell cycle regulator p21 expression is differentially regulated by KAP1 sumoylation status. Moreover, the KAP1 sumoylation level was transiently decreased upon Dox exposure, and transfection with the KAP1 sumoylation mimetic, SUMO-1-KAP1, desensitizes breast cancer MCF-7 cells to Dox-elicited cell death. The sumoylation-dependent stimulation of KAP1 function is achieved by enhancing the methylation of H3-K9 and attenuating the acetylation of H3-K9 and H3-K14 at the p21 core promoter. We also show that occupancy of ZBRK1 response elements located at the p21 promoter by ZBRK1.KAP1 is independent of KAP1 sumoylation. Hence, sumoylation of KAP1 represses p21 transcription via a chromatin-silencing process without affecting interaction between KAP1.ZBRK1 and DNA, thus providing a novel mechanistic basis for the understanding of Dox-induced de-repression of p21 transcription. Taken together, our results suggest that Dox-induced decrease in KAP1 sumoylation is essential for Dox to induce p21 expression and subsequent cell growth inhibition in MCF-7 cells.